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SPECIFICATION 

[TITLE OF THE INVENTION] Method for manufacturing carbonate 
apatite sintered body 
[WHAT IS CLAIMED IS: ] 

[Claim 1 ] Amethod for manufacturing a carbonate apatite sintered 
body by using carbonate apatite powder where a carbonate group 
content is 5 to 30% by weight, an average particle size is 5 
Mm or less and a BET value is 10 to 50 m 2 /g and sintering at 
a temperature of 600 to 850°C. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field] The present invention relates to a method 
for manufacturing a carbonate apatite sintered body, and 
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particularly relates to a method for advantageously 
manufacturing a dense carbonate apatite sintered body excellent 
in biocompatibility, which contains a carbonate group at an 
amount nearly equivalent to a carbonate group content in hard 
tissue in vivo. 
[0002] 

[BackgroundArt] Conventionally, as carbonate apatite, inother 
words, a hydroxyapatite containing carbonate group, it has been 
known that there in an A type made by substituting a part of 
thehydroxyl (OH") group of hydroxyapatite {Caio (P0 4 ) 6 (OH) 2 ) with 
the carbonate group (C0 3 2 ") and a B type made by similarly 
substituting a part of a phosphoric group (P0 4 3 ~) thereof with 
the carbonate group. And, the carbonate apatite of the A type 
is synthesized by burning hydroxyapatite (HAp) in an atmosphere 
of carbon dioxide gas + water vapor at a temperature of 1000°C, 
andmeanwhile, the carbonate apatite of the B type is synthesized 
by a wet method using the various relevant salts. 
[0003] Furthermore, it has been known that inorganic components 
of the hard tissue in vertebrates are composed of a carbonate 
apatite which contains the carbonate group of approximately 
2 to 10% of ash content. And, it has been said that in an enamel 
of a tooth, about a 10 to 20% A type is mixed in the aforementioned 
B type which is major, and that dentine of the tooth and bone 
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are close to the above B type. The A type carbonate apatite 
is stable at considerably high temperatures because it is 
synthesized in a solid phase reaction at high temperature. 
However, in the B type carbonate apatite, the carbonate group 
is degraded and eliminated at a high temperature, and further 
at a low temperature it is difficult to sinter. Thus, to obtain 
a sintered body, it is described that it is necessary to employ 
special techniques such as HIP (hot isostatic press) , hot press, 
ultra-high pressure CIP (cold isostatic press) treatment or 
burning under high temperature in a carbon dioxide gas 
atmosphere . 

[0004] However, in those conventional techniques to obtain the 
sintered body of a carbonate apatite, complicated methods for 
manufacture are always employed, and there have been drawbacks 
in that apparatus costs'are high, mass production is difficult, 
and the like. And, due to such drawbacks, even though it has 
been described that carbonate apatite which is close to the 
hard tissue in vivo is more excellent in biocompatibility 
compared to HAp and TCP (tricalcium phosphate) , conventionally 
carbonate apatite has been scarcely used as a biomaterial. 
[0005] 

[Themes . to be Solved] Here, the invention has been made in the 
context of such circumstances, and it is a theme of the invention 
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to provide a technique capable of easily and advantageously 
manufacturing a carbonate apatite sintered body which contains 
a carbonate group at an amount approximately equivalent to an 
amount inhardtissue in vivo, has mechanical strength sufficient 
to use as a filling biomaterial such as a filler and covering 
material of bone and tooth in vivo, and is excellent in 
biocompatibility. 
[0006] 

[SolutionMeans] And for solving such a problem, in the invention, 
carbonate apatite powder where a carbonate group content is 
5 to 30% by weight, an average particle diameter is 5 or 
less and a BET value is 10 to 50 m 2 /g is sintered at a temperature 
of 600 to 850°C. This can manufacture a dense sintered body 
with less elimination of the carbonate group after sintering, 
at a relatively low temperature. 
[0007] 

[Specific Constitution] In this way, the invention enhances 
the sintering property at low temperatures by controlling the 
particle sizes, a specific surface area (BET value) and the 
carbonate group content of the carbonate apatite powder within 
certain ranges, and thus can advantageously give the dense 
carbonate apatite sintered body excellent in biocompatibility 
for medical or dental use by sintering at relatively low 
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temperatures of 600 to 850°C. The carbonate apatite powder 
having such properties can be easily manufactured by various 
synthetic methods known in the art such as dry methods and wet 
methods, and the synthetic method thereof is not particularly 
limited. However,, in the invention, it is recommended to use 
a carbonate apatite powder excellent in sintering property at 
low temperatures manufactured using the wet method. Starting 
rawmaterials in such a wet method are not particularly limited, 
so long as they are relevant salts, any one can be used. 
[0008] In the invention, as the wet methods recommended for 
advantageously obtaining the objective carbonate apatite 
powder, there are methods of reacting, representatively (1) 
calcium nitrate tetrahydrate, sodium hydrogen phosphate and 
sodium hydrogen carbonate or sodium carbonate, (2) calcium 
acetate, sodium hydrogen phosphate, and sodium hydrogen 
carbonate or sodium carbonate, (3) calcium hydrogen phosphate., 
calcium carbonate, and calcium hydroxide, (4). calcium nitrate 
tetrahydrate, ammonium hydrogen phosphate, and ammonium 
hydrogen carbonate or ammonium carbonate, (5) calcium acetate, 
ammonium hydrogen phosphate, and ammonium hydrogen carbonate 
or ammonium carbonate, and (6) calcium carbonate, calcium 
hydrogen phosphate dihydrate, or dicalcium hydrogen phosphate . 
[0009] In any case, as the starting raw materials for obtaining 
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the carbonate apatite powder according to the invention, as 
a phosphate raw material, a sodium salt, ammonium salt, calcium 
salt or phosphoric acid or the like is used, as a carbonate 
raw material, a calcium salt, sodium salt, ammonium salt or 
carbon dioxide or the like is used, and further as a calcium 
raw material, a nitrate salt, acetate salt, carbonate salt, 
hydroxide, or phosphate salt or the like is used. Furthermore, 
hydroxyapatite powder and the like are appropriately used, and 
those combination ingredients are appropriately combined to 
manufacture the objective carbonate apatite powder according 
to the conventional synthetic method. 

[0010] And, in the invention, as such a carbonate apatite powder , 
one where the carbonate group content is in the range of 5 to 
30% by weight, preferably 6 to 20% by weight is used. When 
the carbonate group content in the carbonate apatite powder 
is less than 5% by weight, it becomes difficult to densify it 
at a sintering temperature region employed in the invention. 
When the carbonate group content is more than 30% by weight, 
not only it is difficult to obtain the carbonate apatite powder 
of such a carbonate group content, but also it cannot be said 
to be preferable in terms of biocompatibility . To make the 
sintering at low temperature possible, it is. necessary that 
the carbonate apatite powder has an average particle size. of 
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5 urn or less, preferably 1.0 |im or less and a BET value of 10 
to 50m 2 /g, preferably 20 to 40 m 2 /g which represents the specific 
surface area. When the average particle size is more than 5 
fun or the BET value is less than 10 m 2 /g in the carbonate apatite 
powder, it becomes difficult to obtain the dense sintered body. 
When the BET value is larger than 50 m 2 /g, problems where cracks 
easily occur are induced because operationality of molding is 
poor and Shrinkage is large. 

[0011] Furthermore, if the carbonate apatite powder having such 
properties is directly obtained by the appropriate synthetic 
method such as a wet synthetic method, it is possible to obtain 
the objective carbonate apatite sintered body by using it as 
it is, molding into a given shape and burning. When the BET 
value of the synthesized carbonate apatite powder is excessively 
high, the BET value may be made within the invention by 
pre-calcining at an appropriate temperature, and subsequently 
molding and burning may be performed. Conversely, when the 
particle sizes of the carbonate apatite powder are excessively 
large or the BET value is excessively small, it is possible 
to make it within the invention by giving appropriate 
pulverization and mold/burn by the use thereof. 
[0012] And, when the objective carbonate apatite sintered body 
is manufactured using such carbonate apatite powder according 
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to the invention, first, the molding is given to such carbonate 
apatite powder to make a molded body with a given shape as is 
the case with the conventional manufacture .technique of a 
sintered body, and subsequently, the burning is given to the 
resulting molded body. Such a molded body is made, for example, 
by preliminarily molding the carbonate apatite powder and then 
press molding according to a standard method, and for example, 
in the case of CI P molding, CI P pressure of 1 to 3 tons is employed. 
Also, a sintering temperature is 600 to 850°C, and preferably 
650 to 800°C according to the invention. This yields a dense 
sintered body with high strength where a remaining amount of 
the carbonate group is 80% or more based on the amount of an 
original powder, a relative density is 80% or more, three point 
bending strength is 80 MPa or more and Vickers hardness is 4.0 
GPa. 

[0013] The carbonate apatite sintered body obtained in this 
way contains the carbonate group at an amount nearly equivalent 
to the carbonate group content in the hard tissue in vivo as 
well as having sufficient mechanical strength required as a 
covering material or a filler of bone and teeth, and is useful 
as a material for medical or dental use, which is excellent 
in biocompatibility . Such a carbonate apatite sintered body 
can be used as it is for the intended use, and in addition, 
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can be used as granules or a porous body if desired. 
[0014] 

[Examples] Hereinafter, a representative Example of the 
invention is shown to further specifically demonstrate the 
invention, but it goes without saying that the invention is 
not limited by the description of such an Example. Furthermore, 
it should be understood that various changes, modifications 
and improvements in addition to the following Example and further 
the above specific description can be added without departing 
from a gist of the invention based on knowledge of those skilled 
in the art. 

[0015] First, various carbonate apatite powders were 
manufactured by a wet synthetic method. That is, 5 L (liter) 
of a solution in which sodium hydrogen carbonate at a prescribed 
amount was dissolved in an aqueous solution of 0.6 mol sodium 
hydrogen phosphate and 5 L of an aqueous solution of 1 mol calcium 
acetate were simultaneously dripped in 3L of ion-exchange water 
retained at a temperature of 80°C at a dripping speed of 500 
mL/hour. Meanwhile, pH of such ion-exchange water was 
controlled in the range of 9.0 to 9.5 with NaOH. And, after 
completion of such dripping, a mixed solution was matured at 
a temperature of 80°C for 12 hours, then filtrated, and 
subsequently washed until Na ion was not detected. And, • by 
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drying powder obtained by this at a temperature of 110°C for 
24 hours, wet-pulverizing in a resin pot for 24 hours using 
zirconia balls with 5 mm further dehydrating and drying, 
various carbonate apatite powders A to D having the carbonate 
group content, the average particle size and the BET value shown 
in the following Table 1 were obtained. The powder E is powder 
obtained by drying the powder A at 110°C for 24 hours, crushing 
in a mortar without pulverizing in the pot mill and only passing 
through a sieve with 80 mesh. 
[0016] 
[Table 1] 



Tab: 


Le 1 




Carbonate 
group content 
(% by weight) 


Average 
particle size 
urn 


BET value 
(m 2 /g) 


Powder A 


10.90 


0.44 


24.0 


Powder B 


6.60 


0.42 


21 . 8 


Powder C 


4 .35 


0. 64 


20.3 


Powder D 


1 .30 


0.52 


36.2 


Powder E 


10.90 


10.44 


8.0 



[0017] Then, such various carbonate apatite powders were filled 
indies for molding, andpreliminarilymolded, and subsequently, 
CIP molding was given at CIP pressure of 3 tons, and each resulting 
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molded body was burned at each prescribed temperature in the 
atmosphere. As a burning program, a procedure to obtain the 
sintered body by raising the temperature up to 500°C at a rate 
of 2°C /min, retaining for 5 hours, subsequently raising the 
temperature up- to a prescribed temperature of 600 to 900°C at 
a rate of l°C/min, and retaining at an objective temperature 
for 5 hours, then cooling the temperature to 500°C at a rate 
of l°C/min, subsequently cooling the temperature to 300°C at 
a rate of 2°C/min and further cooling to room temperature in 
a furnace was employed. The relative density of various 
sintered bodies obtained in this way is shown in the following 
Table 2. Here, a theoretical density and a relative density 
of hydroxyapatite were 3.16 g/cm 3 and 100%, respectively. 



[0018] 
[Table 2] 

Table 2 



Sintering 


Relative density 


temperature 
(°C) 


Powder A 


Powder B 


Powder C 


Powder D 


Powder E 


600 


80.4 


70.6 


61.4 


55. 0 


Not 
sintered 


650 


91.0 


83.2 


' 69.0 ' 


55. 1 


Not 
sintered 




700 


95.9 


90.2 


69.0 


55.1 


Not 
sintered 


750 


95.2 


94.6 


69.6 


55.4 


Not 
sintered 


800 


92.7 


94.6 


69. 6 


56.6 


Not 
sintered 


850 


88.6 


94.3 


69.9 


57.3 


Not 
sintered 


900 


60. 4 


90.2 


Not 
sintered 


59.8 


Not 
sintered 



[0019] The properties of the sintered bodies obtained by using 



the carbonate apatite powder A, i.e., a remaining carbonate 
amount, three point bending strength, a fracture toughness value, 
Vickers hardness and a bulk density were evaluated, and the 
results are shown in the following Table 3. 
[0020] 
[Table 3] 



Table 3 



Sintering 


Remaining 


Three 


Fracture 


Vickers 


Bulk 


Relative 


temperature 


carbonate 


point 


toughness 


hardness 


density 


density (%) 


(°C) 


amount 


bending 


value (Kic, 


(GPa) 


{g/cm 3 } 






(WT% ) 


strength 


Mpam 1/: ) 












(Mpa) 
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600 


89 


4 


32 


0.51 


1 


.6 


2 


54 


80.4 


650 


86 


.2 


82 


0.72 


4 


0 


2 


88 


91.1 


700 


85 


8 


94 


0.70 


4 


9 


3 


03 


95.9 


750 


84 


4 


98 


0.80 


4 


7 


3 


01 


95.2 


800 , 


82 


6 


91 


1.03 


4 


0 


2 


93 


92.7 


850 


82 


2 


58 


1.44 


2 


6 


2 


80 


88. 6 


900 


73. 


8 


29 


Incapable 
measurement 


0 


4 


1. 


91 


60.4 



[0021] As is obvious from the above results, in ones using the 
carbonate apatite powders A and B according to the invention, 
effective dense bodies are obtained in the range of 600 to 850°C 
whereas the carbonate apatite powders C, D and E having 
properties out of the scope of the invention are not densified 
or are not sintered at all in such a temperature region. That 
is, as the carbonate apatite powders C and D, in the case of 
the powder in which the carbonate group content is small, even 
though the average particle size and the BET value are nearly 
equivalent to those of the carbonate apatite powders A and B, 
they are not densified in the temperature range of 600 to 900°C. 
Also, as the carbonate apatite powder E, even though it has 
a similar carbonate group content: 10.90% by weight to those 
of the carbonate apatite powders A and B, if the average particle 
size and the BET value are out of the range defined in the invention, 
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it is not sintered at all in the temperature range of 600 to 
900°C. 

[0022] Furthermore, all of the sintered bodies obtained using 
the carbonate apatite powders A and B according to the invention 
had excellent sintered body properties in the range of the 
sintering temperature at 600 to 850°C . 
[0023] 

[Effects of the Invention] As is obvious from the above 
illustration, the invention obtains the objective carbonate 
apatite sintered body by using a carbonate apatite powder 
excellent in sintering property at relatively low temperature 
and sintering at relatively low temperature. Therefore, such 
a carbonate apatite sintered body becomes a sintered body 
material excellent in biocompatibility containing the 
carbonate group at an amount nearly equivalent to its amount 
in the hard tissue in vivo and having a structure similar to 
that in the hard tissue in vivo, and is extremely useful as 
the filler or the covering material of the bone and tooth. 
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